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(54) BATCH TYPE HEAT TREATMENT EQUIPMENT AND ns CONTROL METHOD 

(57)Abstract: 

PROBLEM TO BE SOLVED: To estimate an accurate 
temperature for a heat treatment equipment by estimating 
the temperature of a substance to be treated in order to 
perform the heat treatment of the substance. 
SOLUTION: A reactive pipe 2 is provided with heaters 31-35. 
temperature sensors Sin1-Sin5 and Sout1-Sout5 and houses 
a wafer boat 23. A control part 100 estimates the 
temperatures of wafers W of five zones corresponding to the 
heaters 31-35 of the pipe 2 and also the temperatures of 
sensors Sin1-Sin5 by means of the electric power of the 
sensors Sinl-Sin5, Sout1-Sout5 and the heaters 31-35. The 
functions f1--f5 showing the relation between the estimated 
temperature and actual temperature of every zone are 
calculated from the relation of estimated and actual 
temperatures among sensors Sin1-Sin5. The estimated wafer 
temperatures are substituted for the functions f1-f5 for 
correcting the wafer temperatures. The electric power 
supplied to the heaters 31-35 are individually controlled so 
that the corrected wafer temperatures are converged on a 
target temperature track. 
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BUiB^g|5tCcfc»Jl3yE3n)tSg(Cfi£-:>T. wftBltl^© 

«ffiBmi©jaaji5eaiJ*jji«bfc 

[ii5l<3S5 ] HfrfB-=e'rju«, |fifBias:-fe>-y-©t±i:>^i 3 
B«iB^ 1 ©iSSJi^gBtt. miiBSS-fe >-9-©ttl;^ i miiB 

igi^©t-^7©^:^;i*i6. «(iiB»imj^i^©i!sy!aai*© 

fglBSI 2 ©iaK«l^g|5«. HiiiBSSt >-y-© W:^ i ib 
Ig^ot-d?©^;^^*^^.. B>iiBSg-fe>-9-©fie?:}i 

[t«*:B6 } mfiB-^t-r^l/H. JiSLytl!ftA!ia<*©iae«: 
g^Mica-^W^/cai!)^:, t-^;&$tJiS|i-r€>?ce*©*-r 
JU=&^tr> ■r*f«Jj<lll7^^5©t,>-r4^*i 

1 ^tciB^s©-'^' f ^^mmmn^. 
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m^mmi^<DmiifimiE fate*® tciBtgg n/c 

BufB**toSf*©jas*Jft^L. c:©jiSffl{cfieor 

6 ©u-rn*^ 1 ]ieciB«s©>'f 5; 5=-sia*Bi^@. 
[ li^JM 8 ] BtriB ix ff Bti#©tt. m9^immn(D. 

i'tr^fBttL'. 

10 B«fa$iJ®^l3»> #''/->©Ui^fK:fiEoTHf|fBt-^» 

?r$w-r ^ , c i ^!^g![i -r sMsai 7 tcia«g©^>' v ^ 

'0 J^>^SS©*I i BUiBaiJ!©y- >© U'i^ b-J&SJg^Sf i> 
©ffi i © « 6 O ^ *5:^/jN i fj: ^ J; ^ > mif e t - 

[fi^JIl 0] »ift©t-5?<i:« 1*Sft©Sg-fe>-!fi?: 

20 S3^*!iSi^{g©$rjap:^a-r*o-c. 

BWaSS-fe>-!f©ffi:^;*i?,. HtriB*lB»^F«3©tftjn,Si«:© 
iSiSa-fe >-9-e«:©jgg?:«IS-r*/ca>©*7';l/ 
i^rlBltL.. 

BfffBSS-«2>-9-©tii::^j*>6. itfiB^-f'JU^ffli^-r. ftriB 

S«riBjag[-fe>-y-©tti;t)*^7j^TjaS<i:v H!|iB-=e7=^;U?:ffll» 
r JiS L/ /cSflHz >-9-©iaa <!: ^rii^ 0 . 

30 ^esg^rtJJiEL/. 

©*IJ®^ffi„ 
tooo n 

40 M©^^••>9^^^^^ra^gRtx-e•©*IJjiBI:^^^^^cMt-^>. 

[000 2] 

[ 0 0 0 3 ] |114tt. iSJSyi^toJl^g©i^Sg^jj^t-®T 
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[0 004] ^s-j^tt^- h 1 2 «. mk<o-%^t 1 3 ^<m 

[0005] c<Dj: 5 j&j^Ma^gosijtajs^jcteii-c 
MSias, Baffin;'?. *';^sSESJ&i*©tes^^ 

[0 006] Miias. mmmt). iJ:^ 

[0 00 7] mmJpf^<DKt)i,i. E;»3tf-{c J: 0 . i!/;;^gss 

[0 00 8] C:*a^©FflM<&ft?^-C#^fi^f|5*J. m 
*H!|$t^r-^5. 5 1 7. 5 9 4-^<&fRicP3^5nr 

[0 00 9] 
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[0010] *^Bj«. c©J:^^c*t»©T{CfigSnyc 
[0 0 1 1 ] 

tt, ai^©t-:j?i, «f^©ias-fe>-9-i%ii^. rtsp 

Bute*n^*prt©M*{iii^©^iHtriaasH2>-9- 
a^orSiSi 5:}t^-r ^fci6©-=& T^ju^iBtg-r ^ ^ ^ y 

mmm*^<DWti}tmi^<Dm^i:mm-ri>m i ©jasjtssp 
i, B«fs-=e-7'ji/*ffit^rBufBSfi-fe>-y-g<*©ffigi&}i 

20 -rssi, t<riB»2©ss«s§P;!»sji^L./cB«iB2sa-fe 

SfiJiEgP <»: « mnmiESm J: •? SiE $ n/cSSiCgt o 
T, BUtE«ift©t-^r**!I8|J-r*fiJiai*©i, *m 

[0 0 12] c©#gBj(cj:ti«. ae-fe>-y-©sa^^ 

/cSS<i:^^©fflffii©M«^;S:^ae>iCi7!iS-C^S, U 

«»<tSS-b>-!?-<!:©SK©*tSJC. ^]l©*7^;l,:Sr 
30 1^fflt-SCiiCJ:«3. SS-fe>-9-©S|?giJjaiSim^SJS 
i©M<S|*s. «*ttSi*©^Rg©?aSiJi^?agi©M^ 

t-^mmm<Dimumi'CMm'r -2. c i itc j: id . m 
i!iffii*©}fiSfiS^«iEL.-c. miim{^<Dum^mt]E 

[0 0 13] HufBejiEgPtt. ««|^«, m)iBll2©ga}t 

ssp*sjtSL'/ciaa<tHu§B?a^i2>-9-©ui:t>3{)SiKf ias 

i©M<?^f «r^«). C©Mfi^f{c. MiBmi©SK«S 

40 giJ*sfiSL//css^jiiffl-r-5c<!:{cj:f3. mioumm 

fcss©jj-7H2 I- ^7H2> ^=slili^glS- 

Ji^^ag) mi©SSJiSg|5*S}t5cLi^c1'Ateil 

tf5. ^t^tt, HUiSSiEgBtt. l?am2©Sg[ 

©fS^k (k=^ijffl/}is<ii) l|l©SS}t 

50 Mmifiim L itastc c <Dig^'S:fm-r 4 c i j: 0 . 
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[0 0 14] Buie^f'Mi. m^it. imotcimmw 
CO 0 1 5 ] t(rfs*f'ii'«. B<iiHaffiH2>-y-© 

it. mfe?agH2 iy^<omti i^mmm<o m-^ (omt) t 

[0016] mriasw^^t*. i«jaiif$(csig-r-<*jafi 

h- tcfi^ o -C^itT -5 J: ^> k: . fu IB* f'-'KcS-ut-^r , 
BuiB^Miii*©iae*}il3eu. c©Jt^fii{cfie-orB?riB 

[0017] BUlBWe^fiBlt^iatt. ««ff3jD^rt©. 
•o TttiiB t - «:*lI|Sil-r €>, 

[0018] mnzmm^mt. m^tit. WE^i^ifiWE 

BBfc-5'*ftiJ!iBI-rS. 

[0019] ±msmimis.-r^fcib. ca:>mn<Dmz 
©SI.-^.k:^^^n* 5^5«lSiMS^g©*ij®:i^a«> mk(o 

t-^^i. 1g|J[©S)SH2>1fi5:m. F*9Si5tC?!SSaji^ 

*iR^-r^>*i^^*wr 5^seisiMssis©*ijsii:sr 

;^-c*or, B^iiB^aS•fe>•t^©tB::'^*>6, BulBirai^i^i^ 

©M*QSi*©iast ^jsa-fe >-9- @<*©jaa^jis-r s 

/cJst>©-=&-^Jbi?:fetSu> S!TiHSSH2>-9-©ai:t»*i6. 
*uiB*7'Jl'?rffllir. B?riBJjn^iFF^©tSy!niMt^©Sa!:<!: 
g5IESffiH2>1f gf*©?aKi^mSL'> HUfBSS-fe^tJ- 
©ai;^)*iin-riagi. mJIB-t^;u<&fflurJt^bfcS]g 
H2>-9-©?ag<i:*Jt»5l^. J:b«?tS«CCS£o-C. IfTIB*?' 

l!SEMSft©}ttSiaStc:Sf-oT. B«iBa^© t - :Jf ^&$IJ^ 

[0020] 

[^H^©^j6s©?f$g§] *^BJcD-'^• i- ^^M^m^^^m. 
c<Dmm9m^\t. siccm-rjc^tc. s 

©SJS'B 2 ^ffi ^ , SIdW 2 ©TfPJifc «#Mt4©fgI«© 
vj::.;J>-jUK2 1 *S^W6n-Cl,»4. rt'g 2 a «±Ji>()J 
pgP3tlT4i»). •5'^'^-J^K2 lK:3^$fi-Cl>S. 
i^lf2b«W55#CC?fJK!i$ti. T^e*s•5'-!^-J^K2 1 



1#iS 2002-91574 
6 

©i^ccmstc^^ $ nr t » -5 . 
[002 1 ] m.\zm2nic\,t. ^mn. 1 5 0 

- h 2 3{C«Bt^tCiBg3tlTli?>. CCr^x/AjJf- h2 

3 wm2 4©±(c«sMM mmm 2 5 

[002 2] JStSlf 2 ©MIHtCtJ. S3Kf*<t 0 

SS4t-:5»3*iSl:t6nTC>5. b-5r3«. 5^{CiB 
g$n/ct-^3 l~3 5*56«lfiR3n€.. t-4»3 1 
~35«:«. m:^)=i> hD-^ 3 6--4 0 JrD^ -g-n-?' 

2 1. b-ir3{CJ:»3*nli<P3&J:^^Sn«.. t-if3 1 
~3 5{cj:i3. Stolfrtl*. 133 (a) «:?S-rJ:^{C5 

o© v^- > tcc9>i-t ^ nr I ^ ^, 

[0 02 3] Sfc. VJid-^-JU K2 1 {C«. |^e2aF«3 
K:;<7;^?r#i|&-r S J: 'J {c«|^©:</;^^if§«*Jgi:f 
teO. 01-C«. aft??r^^tC-r2./cJ?). 3*©;^'Xiat 
*^4 1. 4 2, 4 3 5r^LTCiS„ ■S*'Xtti|sS'&4 
1. 4 2. 4 3{C». €./cto©-7>^7 
□ -n>hD"5 (MFC) nci'©ie;miiSiaJ4 4. 4 
5, 4 e^r/M-ri^^njl/ix^^. T>*-T, 
-€-n-en«if&3n.S. 3 6CCVj:.3f:-;l/K2 UCW, F'J 
g2 a <!:i^e2 b i©Eera*>f,Sf»i-* J: ^ {CgPMi2 
7*sjgi^3nTI,^S„ C©P«'g2 7W. SiKUJ&t^X 

^^>7-{cg^§nTc^s, Sf«e2 7ictt. SEc;g2 

( 0 0 2 4 ] rtft 2 a ©rtMtCiJ. SK^rSj^c— ^JCC 5 

^m±t^fcit>, m^ii, 5^©>'^v:7•^^c<J;«^*/^•- 

^nrfco. 03 (a) K:^-r5-3>©V->{cS=tJC£;tT 

[0025] nm2 h(Di>mi<c[t. mm.i30}t,c— 

3nr(,»S. l^®PtSoutl~Sout5^). 03 (a) tCii^ 

•r5o©v^->{cs*ic;t-c. -?-ti^niBa$nrc»s. 

[0026] C©«SM^MS^g«, Sl&«2f^©*Jiffl 

^tiw-rs/c«)©*(j«ipgi5i oo^mri^-s. ccomm 

Sn 0 0«, ^m3StSinl-Sin5iSoutl~Sout5©I±| 
3>hp-73 6--4 0. Z^m^li28. ?j£Mli^g|5 

4 4 ~4 6 icmmmn^tii:b-ri>. 

[ 0 0 2 7 ] ia2«. fwgpi 0 oofists^is-r. 02 

fcij^-rj;^ic, $iJffllSBlOOW. ■tf'-'UBlf.gB 1 1 1 
i. U->b-|BlggUl 12i, ROMl 13t. RAMI 
14<!:. I /05j<- h 1 1 CPUliai. Ctl 
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[0 02 8 ] -tf^^JUBl^glJ 1 1 1 icit. ^xJl/M*ii2lS 
Snri^?.. ^■r-'L'Ml*^ ^m>FfSinl~STn5iSoul:l 
-Sout5©tti;t){t# (i'JS®^) SCXb-^? 3 1-3 5 

-^36— 40^CDSyjaiff-^K>(tlt.) *:>6■^7X>'^^•- h 2 3 
{c*Ea 3 tlT C i V^- >© r> X / ^W©^SS i il'^J^ S 

«fiiK:^S-rSi^c»tCt-:>3 1 ~3 5(C««&-r'^t« 
[0 029] Ui^b-fetf.gP 1 1 2 {C«. coii^affli^s 

[0 03 0] ROM 1 1 3«. E EPROM, yy yiy 
a^rf-tU. >'^- K-f'-f Xr^Ad:<t*>6«^3n. CPUl 

1 6©«if|P7-n>/^A^?ri2tl!-r-5fBllb«fl:-C*S. R 
AM1141J, CPU 1 1 eC'^-i'j: yxAj:,!;' i L^r 
tSt6-r.5. I/O^- h 1 1 5«. ISimS>fSinl~SinS 
RZf S outl~ S out5®ffliJ^m#^ CPUl 16 icm^-r 

^<h^{c> CPUl 1 6*5m;'3-r-5satani-^*ssP'va 

1 8f)m^$riXi,>^, >'N-;^l 1 7{i. #g|5©P^-CttfR 
[0 03 1 ] CPUl 1 6». DSP^j:<!:-efc<fc< . R 

oMi 1 Bicsm.^titcmmy'uifz'M.^mnL, 
>'^•*.'H 1 8A>6©}g^{cfieor. u->b-iaitspi 1 2 

[0 032] Ai^WtCli. CPUl 1 6 «. *7"JHBlf. 
gpi 1 1 K:iattSnri»-S*7';l'M?r^;!>Hil/. Sfc. 

u2^fiBit.g|Ji 1 2 tci2ti$nri,^sffll^©ut/tr©F»3 

[0033] C©HS£©fl5SiK:fel»-C«, CPU 

1 1 6tt« ^^5*Sinl-'Sin5Si:^Soutl--SoutS/!)ie 

(t-^»3 i~3 5'>«.©«if&«:^©ffi) ^^IX'^3A^ 

■tT'jUMiCj;«5> y->l~''/->5©'i>XMW© 
<!: S i nl~ S i n SOiaS^fiSf . 
[0034] 3 6{C. ^m^S inl- S -inSOimU&T 
E sinl~T E sin5i?Sl^*f S inl- S in53{)S|||?KiciiM 0 
/cjag (SE©MS) TRsinl— TRsinSi^itf^L. 
M^©B8«S?r*2t>. C©Mf;^^®fflur, •i^x-'N©}^^ 
?aSTEwi~TEw5^*3?iE-r€.. -eUT. KiEU/f5 

Sfef •Settle. fi^a> ha-^ 3 6~4 OJC, 
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[ 0 0 3 5 ] sfc. c pu 1 1 6 tt. m-^comummm 

COUMtm^iC^ ?JSS=1> hn-54 4'-4 B'vcjg 
^, E^iaMSB 2 8 ^omyjktj: i" ^>^f ^ . 

[0036] -Aic. ±^mm<D^-<''j9-^!imm&i.c^ 

C©>?x^^^•- h2 3A5SCC«2rt(CP- KSn^i. 

*aa©ga^6;&aif>p>'<4«.jn i8j:otg^ 

10 -Ti-o CPUl 16W. Ji^tCiE^O. ^T^JUMiUS^ 
f^-tf'Jl-ietigBl 1 1 i Ui^b'iatf.3IJl 12*>6-?-n 

[0 0 3 7] ;^{C. S!*HdO/cU->b'{cSe-5T> b-^f 

stciimL-TSia^ggj^-rSo setc cpui la 

». ^^i* S inl~ S inSSO'S outl~ S out5©Ui:^J^ 

Rzf\=.--^mt) (^:^:3> hP-^36~4o^©$ijiaj 

3) . tfTIS (y->4) . (y->5) ©5-^© 

20 V^->©'i7X>'^©iagTEwl~TEw5i> ^H^tSin 
X--Sin5©iaKTEsinl~TEsin5<b*it5e (ttlSt) f 

[0038] CPUl 16 tmvtcmmms ini~ 

S inSCDU&T E s1nl~T E sinSil^^JtS 1ra~ S inS 

(Dm:t)mm)^7jk-rmm (mmmy TRsim-TRsinsi 

wi~TEw5^^-r-5). 

[0039] «JiE*a»ffiiSr*i. mt*. TRsinm 
= fm(TEs1nm) ({iL/> m« 1 , 2. 3. 4. 5) 
30 ©M^J&ifiSil-rSMI^fm5:5l<J?). C©Mi!( f rr#^©T E 
sinmily-C. i^MLfcyjiJ^U&TEwnvkRXL. fm 
(TEwm) 'S:t^]E$tltc't?x.j\UB[t-3'i,CtifinJ^ 

I 0 0 4 0 ] MWmiiCii. ^l^^tSinl-SinS 
©*S'J?aKTRsinl~TRsin5*l, «6SS^TE sinl- 
TEsinSfC, Wf^(D:ty-^v KiBA of fsetl"^ A offsets 

T E wl-^-TE w 5*T E wlH- Aoffsetl—T E w 5+ Ao 
ffsetStC^iEUTSiE-r^). 0iIiL{3f. |»^>l*Sin 

40 1~ S in5©^iiJjgJKTRsinl~TRsin53!)i}iSSaT E 
sinl-TEsinStC, m^<D^ii^m) kl~k5**»L 
Ofc<i:^^ffl-C4)*iiS^{CW. 'i'x-r^©}S^iagTEw 
1- T E w 5€r k 1- k 5{g-r -5«fc ^ CC^iEL-r«jEt-.5. 
[ 0 0 4 1 ] $ 1 iC7r:-rJ:'itj:mmA^mLt 

[tJtl] TRs1nm= km- TEsinm-Aoffseun 
[!IS[2] Twfn=km- T E wm- Aoffsetm 
[0 04 2] ^C*J. ^mkX-^KS. hAoffsGt 
50 l~Aoffset5^r*«)4*S»ffi3ST*ip. y-/ 
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X©iJ@?:|^*-r^/c«>K:. TRsinl~TEsin5. SO' 
TEsinl~TEsin5*ai^l,f. 0^ k •?>:t 7 Hz h A 
offset*S<i?)-Cibcfcl,>„ 

H±K:«4>ja-:J< J:^{C. SiJ-^iJi t-^r 3 1 -3 5ic^. 
i|s&-r-5«:t»^rm;'3=2> hP-^3 6~4 0?:/M/r3ilJ^ai 

c 0 0 4 4 ] m^u. nn t tc*jtf s 5 -0©^/- xd-^^ 

x-'NODKJEtSjSS^^Twtl. Twt2. Twt3, Twt4> 
T wtrc* -5 ittSSn. u^'f3!)S}g^-r€.?aK*5Tt 
1, Tt2. Tt3. Tt4. Tt5t?*^t|^(CW. «?iES?S 

ffi=5:ffll>r. (Twta-Ttl) 2+ (Twt2-Tt2) 2 
+ (Twt3-Tt3) 2+ (Twt4-Tt4) 2+ (Twt5 
-Tt5) 2/&s^/Nc^cSJ:^fC. t-:i»3 1 ~3 5{C« 

[ 0 0 4 5 ] *3i^:^^n«. S^®(tSlnl~Sin5RC)f 
S outl~ S out5©tti:^ft-^SCK t - 3 1 ~ 3 5 (D'^tS 

tcfif -p-c . -sy- >© -5 X --N w©s)g^^j— iij i jiiij 

36{CCtl%8^iEb. tSiEf^©')x>'>ia]gTwi~ 
i&-2><k^i 5-o©t-d73 1 ~3 S^OSiUcStESIJiai (T 
[0046] ^?a*5it?7-r*i, (±®. ifiJi 

(b) tc^j^-rmii-c^si-r-si. cpu i 1 6(*. s 

8 5 2"C, >tJ±|g (y->2) *^8 5 0-C, epia (v^- 
> 3 ) ASS 4 9 c|3TIS ( v^->4 ) 3&S 8 4 8 °C, T 
© (V^->5) 3!»J8 4 6'C<t^i:S<fc^{CMia)-rS. 
[0 047] jSfc:@2rt©SS*!^3£-rs©{c+^icli# 

ra^sigji-rsi. JSt&@2tcMii:</;^*«ii!&i^, (Stfli^ 
la. T©©S'•y->©'i»x/^w©sK*5:^fl^ibTias 

U'>b-©SSS)SiCS^>a-:J< <t ^tcSS$lJ®?r^f 5. 
C©/cto. ±19:. cf>±©. cjalS, *TS. T©©#y- 
>©'t;x>'>w«. m*H:f±. ^'&i>?aK-CE!cMMS*s^ 

■ci?SJ:5(ci6|g34a/cfii (^Bi*';^©?ilg^. •5x-'^ 
[0 04 8] 0S.m*mT-r^i:. ^;^?>^©«*&?rf#± 

•^7i.'^©^aK^^^t5£u. §6(c. «i5£ffl*«jiE-r 
toa^STS^. ^!!l^?5^©■?x>'^*r- h2 3*T>P- 



(6) 2 0 0 2 - 9 1 5 7 4 

10 

[0 049] C©>'>* y ^^mm^Xit, *1J®SI5 1 0 

OrtfC. ■^'X>'^w©•®St^gS^2>■!f Sinl'-Sin5©ja 
S<!:^r}SS-r-S/c2t)©*7^;l/<i: Ui^b'di^d&ffll^SnT 

s-r s -5 X y as^*i^i^©ss*5 6-rn-c u * ^ is^-c 

fc. -e-©rn?:^iEL'T. ^^^;5^©'^7x>'^aS;S^ffl(,i 

10 ^al•r•2)Ci*5•c#s. 

[0 0 5 0 ] S/c. M/l*5®rBTOCN'Mrtt:'i*i-i!5:^ J: 
^fcssu$^f*sv"->^(c|g|M3nT(,>^©t:'. t!/;^ 

[0 0 5 1 ] i;^c, Aoffsetl~Aoffset5©Tl^ffiA t 
ave^^ k 1~ k 5©^±^fii k ave^^Jst*. WSA Ltc^^x 
^^©^aSTEwln?^. t^Rtf. k ave • TE wm- ATave 

[0 05 2] ;XtC. *-7=JU<!: Ui^f©Sft^a(C-Dl!. 
20 r> UiHJ-rS. ^T^Jl/W. J»SStSlnl~Sin5SiyfSou 

S out5©ttl;^ (i'JSffl) JiO't-^fS 1-3 5 

e> > ^ V- >© -ii x^- N w©^aa^}ftiij 

3 6tC. fia'JL-/c50©jaS^^i*<>:bTBmS 

tcia^3#SfcfeK:. t-5f3 1—3 5tc«J&-rSfi:^j 
mif. *@!|tf^=IS5. 5 17. 

5 9 4^■Si:^^CJ^7jkStlfc^f')V^mmTi>C^i3iX^ 
30 [0 0 5 3 ] JJtr. *B!|$i*^5. 5 1 7. 5 9 4-^^^ 

i^C^^JtSwct Swe<&M^?>jA^/d5tS^©5^X hffl>^7X 

^^■'S:mM.-ri>, -Xic. c*T,e)©5tj5®7^>^ ^ffi•5x>'^ 

*s> 03 (a) ©5o©v''->Cci-:>-rofl[g-r-5J;^ 
4C. f-X ^ffl>^x>'^<!:3i?fi©■^7xy^i?:-i;x>'^^K- h 2 
SCCtfegT^, C©'?x>'N!j^- h 2 3 5rSlC«2 

«:P-Kf.6. ^X(C. t-:>3 1 -3 SCCiS^i^^^© 

mmsii>iis.mmmm<Dm^'S:m mmM s im- s i 

40 n5RtXSoutl~Sout5©ttl:^)> "f-:^ ^fflr>X^^_h©^^ 
>t=tSwc<tSwe©tB;^ (•i'x,'^SM) , t-^f{c«i^3ti 
SliSfei&i*©7^-^'*. l~5fS>©i^> 

^mmxm'i^-ri>, 

[0 054] i^fC, — S©SS®H. 0II;?.«4 0 0 "C- 

110 0 'c<Dmmx. 1 0 o-cmmxu&^m'&^s- 

S (JSiag^JlS^: 1 o©*5';b-C*-'-<--r-5iiaS©Jt 
50 [ 0 0 5 5 1 



C7) 



2002-9 1 574 
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imS] yt+AAlyt-l+AA2yt-2 + ... 
+AAnyt-n=BBlut-l+BB2ut-2 
+ ...+ BBn u t -n + e t 

(D^aas <^xL(om^\%hi&9t) . ^mj^soutx-souts 

©ttS;^cD^®SSybi,.3^)^6c7)^ffijfi (ccDfi^iJr^SiS; 
¥^©Sybias?J)^6<^^ttS (COD^Jrn^So) , ^x. 

-AAi Ip"-0 
■ ■ ■ ■ ■ ■ 
• ■ ■ • ■ • 

^AAn 0 •••0 
BB," 

B = 

_BB 
-AA," 

Kf= 



12 



J&i 5 >® 5 ^T 1 yiJ) . 

et : 5^-7 hy'-YX?rJS£^iT.5m!f 15*1©'^ i' h 

n : 3in <mtf8) . 

AA l~AAn : p?f pyyCD?f5lJ (C®0!)r«. 2 0^f 

2 0?|J). 

B B 1 B B n : p m?ij©tf ^'J ( C ©^aiTH. 2 0 
5^J) . 

10 [0 0 5 6 ] CCf . S^I^AA 1-AAniBB 1 - 
BBnn S>'h-^ffiJSi'?rfflliT^^-r-So 
[0 05 7 ] 5RJit)6n/cARX*7^;U?r3grat»iS:35-g2Cr 



_-AA„ 
C=[Ip-"0] 



[0 05 8] CC^iP.. S^m^t (Sinl^SinS. Soutl 
~Sout5) . SSTt..,.., l:-3?^;^ut ii^^'^x.)^ 

^njtesp^s. (p, tfi?ij) ^'i7x^^sKw. (p^. 

[0 059] 

[1^5] Xt .a = AXt +BUt +k, et 
S. =C. X. + [ U . 0] e. 

[0060] 

[»6]Xt., =AXi +B (Ut +L (T 50 



th.rpi) CsXt +Sbl«») Tnodal. t — Cw Xt +Wi,i,, 

[006 1 ] ;^CC> T- X ^ffl•?i>'^<^:ffiCiT•^^i-'^aS 
=S:W&mm-r?>o ?8i^6K:S■:Jl»T}iSS^^/c•^'x>'^^a 

[0 06 2] ^BgOfiRM?g©MajIS«:|»I±-r-2>/c«>. 

[0 0 6 3]— :^f. CPU 1 1 eoBdf'p^'Pi'vAicM 

[0 0 6 4] $6ic, ^^ascDsmtcioc-c. SV- 



(8) 

13 

al (t) . -r^cte-^. SSUt'fJSrgait-r-S. i^t^T. 
[0065] m^U. ±©c^)-:;;x^^CDJIiJl*5T©©■i?x 
Ttra.i (t) ^m£ri,o cnifi, EI3 (b) (C^Kf J; 

6 ic 5^ » - ^ > y-r -S C i njti-c* * , 
[0066] c ©J: ^ {c ur . -i? j->'NCD^iiti:ISRO'^ 

^ti^nia^sn. *-r^nEisgiJi 1 1 i ui/f iBtteiJ 
1 1 2tciett?n-s. 

[0067] ^(Dik, ms^<Of&mni'C. cinh<D^f)\y 

[0068] c <DmM<Dmm(Dmmicm^j^ ^ 
fflj&injgg-c^-s. ±i5iite©ji^gsr{i. mum 

[0 069] */c. m^mf}%^mi'^i>±nimm<Dmmic 



!|tPi20 0 2-9 1 57 4 
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[0070] ifc. ^f^Jb-^j^ogssi-^j^^). ^I4a!|^g¥ 

5. 5 1 7, 5 9 4K:B3ii^5n/c*-7^>ib-?'-€-©!g:ft^S 

■r .'I'Of'P^ i 9^ * - j::- > i/«r5?&^ J: < ^f ^ C t 
[0 07 1 ] 

[^BOjS^j&gi^] 

[01] c<DmM<Dmm<DMmu:^im&m.^(omm 
[02 ] nmsfi<Dmmm^7r:f:fu v i>m-c$>i>. 

[03] (a) WjSlS^I^©v^->*7nL/. (b)ttV 

- gtiiag[«iii©«fij*^-r 0-c* .5 . 
[04] fie3ft©i^a^s©^^0t?$,s. 
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3 




2 1 




23 




24 


Mi* 


2 5 




3 1 




3 2 




3 3 




34 




3 5 






Time (rain) 

(b) 



CIO) 



mi20 02-9 1 57 4 



F AC#:%) 4K056 M09 BB03 CAIO FA04 FA13 
4K061 AAOl BA09 CA08 DAOS FA07 
GA02 

5F045 M03 AB33 AC03 ACL2 AC15 
DP19 DQ04 EK06 CB05 GB17 

5H323 AA05 BBOl CAOl CB02 DAOl 
EE05 FFIO GG02 HH02 HH05 
KK05 LL12 LL23 



